Motivation:
Introduction
Cells, especially those of a complex multicellular organism, have to act and react to each other and to external influences in a well concerted manner. Thus, if we want to understand cellular behaviour and its responses to external signals, or want to influence it in a predictable manner, we have to understand the pathways through which these signals are mediated into and within the cell. In most cases changes in cell behaviour involve the execution of transcriptional events, which are specific for each signal in its cellular context (Hill and Treisman, 1995) . Biological signaling pathways also interact with each other to form complex networks. These networks show emergent properties like signal integration accross multiple time scales or self-sustaining feedback loops which are not present in the isolated pathways (Bhalla and Iyengar, 1999) . The huge and ever more rapidly growing amount of signal transduction data demands for a database that stores and organizes this knowledge, providing simple and fast access to the information. The complexity created by the cross-talk between pathways makes it virtually impossible to infer by hand all the consequences that follow after one modifies one part of the network. To this end, computer-aided simulation will have to be used. It can only be successful on the basis of a comprehensive and detailed dataset.
Methods and algorithms
The database has been established under an object-oriented database management system (POET Software 1999). As an interface to the database, Java and Object Query Language (ODMG 1997) are used in servlets, providing access over the WWW. The data is stored as a bipartite hypergraph. To visualize the data, an expanded depth-first graph traversal algorithm (Jungnickel, 1994 ) is used, which allows for searches that make use of protein family information.
Implementation and results
The core development of the Transpath database is complete. The database system consists of 107 classes, 7 of which are persistently used for data storage. There are about 16000 Molecules and 800 interactions in the database currently and it is updated daily. The molecules were largely imported from the public SWISS-PROT database (Bairoch and Apweiler, 2000) whereas all of the interactions are retrieved from original literature. Interactions are modeled as reactions with reactants and products and a single enzyme or inhibitor. To enable the system to be used as the basis for simulation it is necessary to include rate constants in the reactions and different entries for different states of a molecule. Alternatively to this mechanistic view, interactions can be stored as activation and inhibition pointers providing a semantic view (similar to that provided by CSNDB) which corresponds to the schematic drawings familiar from the literature. Queries to the database are conducted via the Internet by submitting names of transcription factors or other signal molecules. The user can choose to view either the encyclopaedic information for the requested molecule or the reaction cascades starting from the molecule.
Discussion
Transpath provides a knowledge base which goes beyond the approach of traditional gene or sequence databases by focusing on the interactions between the stored data items. By building up the signaling network from single interactions instead of using predefined pathways, it becomes possible to explore the pathways through the graph in an unbiased way. The next step will be to analyze the reaction graph and infer general properties of the signal transduction pathways involved. With more and detailed data, it might also become feasible to run simulations to obtain suggestions for the response behaviour of such networks to extracellular signals, which then may be used to drive experimental research.
